Approximately more than 21,290 tons of plastic debris has been found accumulated in the subtropical North Pacific Gyre [7] . Until this day, five ocean garbage patches have been identified throughout the world, in the North Atlantic, South Atlantic, South Indian, North Pacific, and South Pacific oceans. The next garbage patch is predicted to emerge in the Barents Sea [8] .
Furthermore, the research that was conducted by Jambeck et al. [9] shows that Indonesia is the second biggest source of plastic waste in oceans after China, putting Indonesia under a United Nation spotlight regarding plastic marine debris. Marine debris abundance in Indonesia comes from 2 main sources: ocean currents that link the Pacific to the Indian oceans, and rivers. River pollution is highly indicated as one of the main factors in marine pollution as has been observed in Kuta Beach, Bali [10] . Purba et al. [11] found 3-26 kg accumulated debris along the coastline of Biawak Island, Indramayu, West Java, which is an uninhabited island. This proves that the water complexity also affects the transport and accumulation of floating marine debris.
Mega-sized plastic will undergo a degradation process while floating and then degrades into smaller pieces. The term microplastic is generally used to describe the micro-sized plastic with a grain size lower than 5 mm [12] . Microplastics have a huge impact on the marine environment due to the bioaccumulation process and their involvement in the marine food chain [13] . The largest microplastics accumulation zone was found in the North Pacific, weighing 93-236 thousand metric tons [14] . Microplastics research in the Java Sea firstly was conducted by Pangestu [15] with 0.2 mg/L microplastics found in clean Java Sea water. Waters are susceptible to debris accumulation from land, shipping, tourism, and fishery activities. The Java Sea has a high susceptibility on this matter because it borders Java Island, which is the most-populated island in Indonesia. The Java Sea is also one of the potential fisheries management areas, so microplastics research in this area is necessarily important.
Current is the dominant factor in microplastics transport [16] . Current can be generated by tidal propagation and wind force [17] . Current circulation of Biawak Islands coastal waters in the Java Sea is dominated by tidal forcing [18] . In this research, a comparison of tidal current velocities and wind-forced current velocities is conducted in order to determine the dominant force of microplastics transport in the Java Sea.
In order to fully comprehend microplastics transport in the water area, a modeling approach is required. The approach methods used in this research were hydrodynamic and particle trajectories modeling. This research emphasized determining the start point of microplastic particles seven months before sampling was conducted by reconstructing the distribution of microplastics with particle trajectories scenarios.
Material and Methods

Study Area
The study area of this research is the Java Sea that borders Indramayu to the south and Biawak Island to the north (5.9 o S -6.4 o S and 107.98 o E -108.5 o E). There were five microplastic sampling sites used in this research: one located in the mouth of a river, three located in open oceans, and one located on the coast of Biawak Island. There were also three hypothetical source scenarios used in this research (Fig. 1) .
Bathymetry profile influences the current speed and direction [17] . Bathymetry profile in Java Sea ranges in depth from 0-50 m with average depth 40 m [19] . The water depth region that borders Indramayu coastal waters ranges 4-10 m, while in the open sea it has depth ranges of 20-50 m [15] .
The tidal type in Indramayu coastal waters, which bordered with the Java Sea, is mixed tide prevailing semidiurnal, characterized by two uneven tides a day [20] . According to Purba and Harahap [21] , surface elevation during monsoon transitional season (March-May) in Biawak Island reached 0.35 m at the highest tide and 0.34 m at the lowest ebb. Tidal current circulation in the Java Sea is characterized by its flow, which changes alternately to opposite direction (reversing current) with average current speed 0.04-0.32 m/s [22] .
The lowest wind velocity during November 2015 to May 2016 occurred in November, at 0.05 m/s, and the highest velocity occurred in December 2015, at 9.77 m/s [23] . The wind velocity increased significantly in early December 2015, which was the start of the west monsoon season (December-February) [24] . During a seven-month period, the wind blew dominantly from west to east [23] . However, there were times that the wind blew from northwest to southeast [17] . The western monsoon season is more dominant in determining wind direction than the transitional season [23] .
Datasets
Data used for hydrodynamic modeling are ~1 km spatial bathymetry [25] , an hourly tidal elevation [26] , and six hourly wind-fields [23] . The initial condition data of microplastics was collected by Pangestu [15] in May 2016. The oceanography data, such as wind-fields and surface elevation, used in this research are backward for seven months since sampling, starting from November 2015 until May 2016. The detail of modeling data input is depicted in Table 1 .
Hypothetical Source
The hypothetical source is the term used in this research as the estimated start point of microplastics initial condition [27] . Hypothetical sources need to be simulated in order to estimate the most suitable source of microplastics during a certain period. The determination of hypothetical sources is based on the microplastics sampling site and visualization of hydrodynamic modeling. Afterward, the hypothetical source is used in the particle trajectories scenarios to estimate the microplastic start point seven months before sampling was conducted.
Microplastic flux for all the scenarios is the same, and the start point of microplastics is the only condition that changed in every scenario. In order to acquire a suitable result, three scenarios are used in this research as a hypothetical concept: 1) For the first scenario, hypothetical sources located to the east or west of the sampling site due to the reversing current that causes the particle moves horizontally. 2) For the second scenario, hypothetical sources are located close to the sampling site, and there would be an adjustment of distance and angle from the first scenario. 3) For the third scenario, hypothetical sources are located close to the sampling site and there would be an adjustment of distance and angle from the second scenario.
Hydrodynamic and Particle Trajectories Modeling
The scenario simulation was conducted using Mike 21 Flow Model FM of Mike 21 [28] . The hydrodynamic and a particle tracking modules are employed in this research [27] . Two-dimensional barotropic hydrodynamic modeling with a depth average was simulated to generate current circulation and the dynamics of sea surface elevation [29] . Particle trajectories simulation is conducted based on three hypothetical source scenarios. The microplastics particles will dynamically be transported by the dominant current circulation [16] .
Data Analysis
A descriptive analysis based on simulation results is conducted in order to derive the characteristics of current circulation, surface elevation propagation, and including microplastics trajectories in North Indramayu, Java Sea [30] . The most suitable hypothetical sources can be determined by the least error values [31] . An error value is measured by the spatial trajectories distance coverage during 7 months of simulation [27] . It is compared to the scenarios simulation and what microplastic are found in North Indramayu, Java Sea [15] .
Results and Discussion
Currents Circulation 
Modeling Verification
The pattern of microplastics transport shows a circular-reversing pattern with approximately a 1-5 km radius, which corresponds to Chen et al. [32] , who states that particle movement has a circular pattern due to influences from wave propagation and wave transformation. A current comparison of tidal current velocities and wind-forced current velocities is depicted in Table 2 .
Tidal current is concluded to be more dominant than wind-forced current (V1 > V2). Microplastics particles can sink to the deeper part of the water, so tidal propagation affects its transport more than wind-forced current (V1-V3 < V2-V3). The wind-forced current has a lower velocity than tidal current [27] . It is allegedly caused by the fluctuation of wind stress toward time because when the wind stops blowing the currents do not automatically stop because there is also momentum caused by some force passed on from one object to another [33] . Table 3 . Hypothetical source with the least error value. Fig. 3 . Visualization of suitable hypothetical sources and microplastic sampling sites.
Particle trajectories simulation is conducted to prove the start point estimation (Fig. 2) . The most suitable hypothetical sources can be determined by comparing error values of each scenario [22] . Table 3 depicts the location of hypothetical sources with the least error value among others (HS-TSM Distance). Fig. 3 shows geographically the most suitable hypothetical sources and microplastic sampling site locations [19] .
Microplastic Trajectories
Particle Trajectories simulation has been successfully conducted based on three different hypothetical sources as scenarios. Figs 1 and 3 show the location of sampling sites and three hypothetical sources scenarios, where the hypothetical sources are not located too far from the sampling site. The decision is based on the reversing current that is dominant and significant in that area so the microplastics particle would move back and forth. Fig. 2 shows that the microplastics transport in the Java Sea has a circular-reversing pattern with displacement ranges at a distance of from 0.6-9.28 km, the distance varied with the location of each site. Particles that were simulated originate from the shallow waters had greater displacement distance than the particles that originated from deep water [17] . The displacement distance is influenced by bathymetry profile, particle masses, and current velocity [27] .
According to Fig. 3 , the most suitable hypothetical sources are located not too far from the sampling site, especially stations 2, 3, and 4 located in open water areas [19] . It also can be concluded that the start point of microplastics ranges in distance from 0.9-5.4 km from the sampling sites. Moreover, Pangestu [15] simulated the microplastics transport for five days and showed the similar pattern with seven-month simulations. Table 4 shows the comparison of the microplastic particles approximate mileage for five days [15] and seven months. It shows that the mileage of the seven-month period is approximately 200 times the mileage of five-days simulation, although the particles ended up in the similar places for both circumstances.
Overall, based on Table 4 , the simulation results of 7 months microplastics mileage (1258.90-1399.88 km), indicate that the Java Sea has a high potential to become the largest microplastics patch in Indonesia due to its ability to trap marine debris for a long time [17] . It is scientifically proven that the reversing current has the dominant role in transporting microplastics particles, causing the particles to move circularly within a short radius [27] . The reversing current has great potential to trap the microplastics particles and any other kind of marine debris for a long time. There is a slight chance for those particles to displace to other water regions once they're trapped in the Java Sea due to its reversing current [9] .
Preliminary analysis of debris in Biawak Island coastal waters in the Java Sea conducted by Purba et al. indicates that the debris in all the beach is not an endemic debris but transported by ocean currents. It is indicated that all the debris have been transported far from the settlement. The research also shows that debris in Biawak Island coastal waters in Java Sea also come from several sources, e.g., Singapore, Batam, Borneo, and Semarang City [11] . In this case, it could be estimated that the microplastic particles that currently reside in the Java Sea come from other water regions, most likely the South China Sea and the Pacific Ocean, since there are two current systems that connect those waters, which are the Indonesian through-flow and monsoonal Indonesia current [23] . Marine debris can be distributed far away from its source transported by wind and currents [34] .
The Java Sea is Indonesian Fisheries Management Area No. 712, so the microplastics accumulation in this area can pose a major threat to the fisheries sector and society in general [22] . Microplastics can be involved in the marine food chain and then eventually accumulated in the high-trophic organisms. The latest research shows that microplastics fragments are found in 25% of the fish sold in the Indonesia market [35] . The microplasticscontaminated fish would be all over the market if this matter is not taken seriously. Therefore, cooperation and coordination of various parties, such as ministry, institutions, and society, are required to overcome the microplastics issue in the marine environment.
Conclusions
Current circulation in Indramayu Coastal Waters of the Java Sea is dominantly influenced by reversing tidal current. Microplastics transport has a circularreversing pattern that is also influenced dominantly by tidal propagation. The results of Particle Trajectories simulations with three different hypothetical source scenarios estimated the start point of microplastics, ranging in distance from 0.9-5.4 km from the sampling site for a seven-month period. The Java Sea has a high potential to be the largest microplastics patch in Indonesia due to the reversing current that can trap debris for a long time (7 months microplastics mileage range of 1258.90-1399.88 km). Microplastics particles that currently reside in the Java Sea allegedly originate from the South China Sea and the Pacific Ocean. 
